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Summary.-Cultures derived from rat brains at different times during the latent
period ofbrain-tumour induction by N-ethyl-N-nitrosourea (ENU) showed increased
plasminogen activator (PA) activity before being able to form colonies in agar.
Control cultures from buffer-exposed animals showed neither property at com-
parable passages. More detailed investigations, using a culture derived from foetal
brains only 2 days after exposure to ENU and clones from this culture, showed a
sequence of low PA activity, then increased activity, followed by the ability to form
colonies in agar, suggesting progressive transformation of cells in culture. Con-
tinuous culturing in the presence of the mouse skin tumour promoter, 12-0-tetra-
decanoylphorbol-13-acetate (TPA), did not accelerate the rate at which these two
properties were acquired, but did cause a much greater increase of PA activity once
this started to rise. If included in the assay mixture TPA also increased the PA
activity of the cells. It therefore appears that in this system TPA can modulate PA
activity under certain circumstances.
MANY AIETHODS lave been used to
investigate the changes that occur during
chemical carcinogenesis, including the
explantation ofthe cellsinto culturewithin
a few days of exposure to the carcinogen
in vivo (Borland & Hard, 1974; Laerum &
Rajewsky, 1975; Roscoe & Claisse, 1976).
A sequential in vivo-in vitro analysis in
which cultures are derived from a specific
target organ at different times throughout
the latent period has also been developed
as a further means of investigating some
ofthe changes which occur during carcino-
genesis (Roscoe & Claisse, 1976, 1978).
The nitrosamide N-ethyl-N-nitrosourea
(ENU), when administered to rats in the
last trimester of pregnancy, induced
tumours ofthe nervous system in virtually
every offspring (Druckrey et al., 1966).
About 60% were macro- and micro-
tumours of the brain located primarily in
the cerebrum (Wechsler et al., 1969). In
the sequential in vivo-in vitro analysis,
cultures were therefore derived from the
brain at a number of times during the
latent period but before the appearance of
a visible tumour. These latent-period
cultures were compared with those from
ENU-induced gliomas and also with those
from control animals exposed to buffer.
Malignant cells which formed tumours in
rats and colonies in agar could be detected
in cultures derived about halfway through
the average latent period of 246 days.
Cultures prepared before this were not
malignant at early passages. However, it
was demonstrated that a culture derived
from foetal brains 2 days after in vivo
exposure to ENU became tumorigenic and
formed colonies in agar after prolonged
culturing (about 10 months, 45 passages)
while the comparable controls did not. It
was therefore inferred that cells with the
potential to become malignant existed as
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early as 2 days after exposure to ENU
(Roscoe & Claisse, 1976, 1978).
Cultures derived during the first half of
the latent period differed from comparable
controls even though they were not
tumorigenic nor able to form colonies in
agar at early passages. These two proper-
ties have been found to be closely corre-
lated in this system (Roscoe & Claisse,
1976, 1978; Lantos et al., 1976) and in
others (Jones et al., 1976; Barrett et al.,
1979). However, several of these early
latent-period cultures did show an in-
creasedlevelofplasminogen activator (PA)
activity, an effect which often follows
transformation by viruses and chemicals
(Unkeless et al., 1973; Ossowski et al.,
1973; Jones et al., 1976). These results
suggested that transformed characteris-
tics can be acquired sequentially in rat
brain cells after exposure to ENU, and in
particular that increased PA activity pre-
ceded the ability to form colonies in agar
(Hince & Roscoe, 1978a,b). The sequential
acquisition of transformed characteristics
has been investigated in greater detail
and the work extended to ascertain the
effect of the tumour promoter 12-0-tetra-
decanoylphorbol-13-acetate (TPA) on
the acquisition of increased PA activity
and colony formation in agar. This com-
pound has been reported to affect several
properties of cultured cells including PA
activity (Wigler & Weinstein, 1976; Wein-
stein et al., 1977).
MATERIALS AND METHODS
Cell cultures. Cultures of brain cells were
derived at different times during the latent
period after transplacental exposure to ENU
at 40-50 mg/kg on Day 15 or 16 ofgestation.
Control cultures were derived from animals
exposed to buffer. The average latent period
for induction of brain tumours was 246 days.
The methods for initiating and maintaining
the cultures have been previously described
(Roscoe & Claisse, 1976, 1978). The cultures,
their times ofderivation and references where
other details can be found are listed in Table I.
Chick embryo fibroblasts (CEF) were supplied
by Dr C. Tickle ofthe Department ofBiology.
Cultures were maintained in Dulbecco's
modification of Eagle's medium (DMEM)
with 15% foetal calf serum (FCS) and pas-
saged regularly, usually at weekly intervals.
Plasminogen activator (PA) activity. This
was measured by two different assay methods.
Both depended onthe ability ofcell-associated
PA to convert the pro-enzyme plasminogen
to the active enzyme plasmin. Plasmin
activity was then detected by its ability to
lyse fibrin (fibrinolysis). The fibrinolytic
activity was dependent on the presence of
plasminogen (Hince & Roscoe, 1978a, 1980).
It therefore seemed reasonable to assume
that PA and not a nonspecific protease was
being measured. Purified human plasminogen
and fibrinogen were obtained from Kabi-
vitrum Ltd., and topical bovine thrombin
from Parke Davis Ltd.
(1) Agarose-overlay assay.-This was based
on thefibrin-agarose-overlay method of Jones
et al. (1975) and has been described in detail
previously (Hince & Roscoe, 1978a). On
average a total of 30-60 colonies per 60mm
dish were tested on at least 3 successive days
to obtain colonies of the appropriate size
(20-50 cells/colony). Replicate dishes were
stained with Leishman's stain to obtain the
number of colonies per dish and the average
number of cells per colony. Fibrinolytic
activity was measured as the percentage of
colonies with lysis zones equal to or greater
than 2 mm in diameter. The average value
was calculated from. replicate dishes (3-5 for
each test). Graphs were constructed using
these data, and the percentage fibrinolytic
activity of colonies containing an average of
25 cells was derived. This value was called
the F25 (0o) and was used to facilitate
comparisons.
(2) Radioactive assay.-In this assay the re-
lease of radioactivity from 3H-fibrin by whole
cells was measured. The methodology of this
assay and a comparison of results obtained
from whole cells, lysates and harvest fluids
are described in detail in a previous publica-
tion (Hince & Roscoe, 1980). In these experi-
ments the procedure was unaltered and the
same batch and amount of 3H-fibrinogen
(105 ct/min/dish) used. Fibrinolysis was
measured in duplicate or triplicate dishes
and agreement was usually within 10%. The
cells were counted at the end ofthe incubation
period in stained replicate plates coated
with non-radioactive fibrin and the degree
of fibrinolysis related to cell number
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Colonyformation inagar.-Thiswasassayed
essentially according to the method of
MacPherson & Montagnier (1964). The cells
(1-5 x 104) were suspended in 1 ml of 0.3%
Difco Bacto-Agar in DMEM and 15% foetal
calfserum. This was plated on to a base layer
of 6 ml of 0.6% agar in the same medium.
The dishes (3-5 for each cell line) were exam-
ined regularly, usually over 6-12 weeks,with
a dissecting microscope. They were fed with
0-25 ml liquid medium (DMEM with 15%
FCS) every 2 weeks (Roscoe & Claisse, 1978).
Measurement of DNA synthesi8.-[Methyl-
3H]-thymidine, 18-25 Ci/mmol, (Radio-
chemical Centre, Amersham) was used at
1 juCi/ml in DMEM with 15% FCS and
0 5 ,ug/ml thymidine (dT). This was incubated
with the cells for 1 h at 37°C. Incorporation
was terminated by adding 2-5 ml of ice-cold
PBS with dT (2 jug/ml). The cells were washed
twice and scraped into 2-5 ml of the same
medium. An equal volume of ice-cold 10%
trichloroacetic acid was added and the pre-
cipitate held for at least 15 min at 40C before
filtering. It was washed twice with cold 5%
TCA. The pellets were stored at -20°C for
convenience. The nucleic acids were hydro-
lysed by heating in 1 ml of 5% TCA at 900C
for 1 h and 0 3 ml samples counted with
1-5 ml NCS tissue solubilizer with 5 ml of
066%PPO/toluene.
12-0-tetradecanoylphorbol-13-acetate (TPA).
-The experiments were initiated with TPA
donated by Dr P. F. Swann, ofthe Courtauld
Institute of Biochemistry, who had pre-
viously obtained it from Dr E. Hecker. Sub-
sequently TPA was purchased from the Sigma
Culture
BEIO
BE26
45A
45F
BEll
BE27
47B
BEIO-13
BEI0-7
BEll-1
Chemical Co. Ltd. The compound was diluted
in acetone and stock solutions kept at - 20°C
in the dark. All samples from both sources
gave a single spot when run on thin layer
chromatography (methylene chloride: acetone
=3:1). The ability to induce PA activity in
CEF (Wigler &Weinstein, 1976) was used as a
measure ofbiological activity and to compare
the activities of different batches of TPA. All
induced PA activity to similar extents (see
Table VI for an example). The concentration
ofTPA used (0-25 ,ug/ml) was the highest non-
toxic level found in preliminary plating-
efficiency experiments.
RESULTS
Previous results had shown that tumori-
genic brain cultures, whether derived
from ENU-induced gliomas or from about
half-way through the latent period of
tumour induction, formed colonies in agar
and had higher PA activities than control
cultures. In addition, several other cul-
tures derived earlier in the latent period
from ENU-exposed animals (ENU-ex-
posed cultures) had increased PA activity
though they did not form colonies in agar
(Hince & Roscoe, 1978a). Two of these
cultures, 45A and 45F, and a control
culture, 47B (Table I), have now been
investigated further for the ability to
grow in agar at later passages. The results
showed that the two ENU-exposed cul-
tures 45A and 45F had high PA activities
TABLE I.-Origin of rat brain-cell cultures
Origin
Derived 2 days after exposure to ENU in utero
2 ,, .
,, 60 ,. .. . . . . .
91 ,,
Derived 2 days after exposure to buffer in utero
,, 2 ,, .. .. .. .
,, 91 ,, .. .. .. . .
Cloned at the 10th transfer of BE10
!,~, , , 20th ,, .
,, ,, ,, 20th ,, ,, BEIl
References
1, 2, 4
5
2, 3
2, 3
1, 2
5
2, 3
1
1
1. Roscoe & Claisse, 1976.
2. Roscoe & Claisse, 1978.
3. Hince & Roscoe, 1978a.
4. Hince & Roscoe, 1978b.
5. Claisse & Roscoe, in preparation.
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TABLE II.-Plassminogen activator (fibrino-
lytic) activity and growth in agar of brain
cell cultu,res
PA (fibrinolytic
activity)
Passage F25
Cell line No. (%)*
Growtlh in agar
C- -
Plating
effici-
Passage ency
No. (M0it
ENU-exposcd
45A 26 50 29
36
45F 24 35 26
41
52
72
Buffer-exposed
47B 30 8 34
55
74
0
0)6
0
0
$
0 4
0
0
0
* The percentage of colonies with an average of 25
cells showing fibrinolytic activity (Materials and
Methois). For comparison, the glioma clone, A15A5,
and the clone from normal a(lult rat brain,
ARBO C9 (Hince & Roscoe, 1978ce) gave values of
60% an(l 50% respectively.
t No. cells plated, 5 x 104.
. Some small colonies were seen at this and the
subsequent testing but the dishes Nere lost through
contamination.
at the 29th and 26th passages respec-
tively, and formed colonies in agar at
subsequent passages. The culture 47B
derived from an animal exposed to buffer
(buffer-exposed culture) had a low PA
activity at the 30th passage and did not
form colonies in agar up to the last time of
testing (Table II).
The earliest latent-period culture ex-
amined was derived from foetal brains 2
days after exposure to ENU. This culture,
BE10, formed colonies in agar at the 45th
passage while the comparable control,
BE 11, did not do so up to the 80th passage
(Roscoe & Claisse, 1976, 1978). Frozen
samples of each were re-established in
culture and tested for PA activity at
several earlier passages. The results
showed that BEO had a very low PA
activity at first but this increased mark-
edly at the 17th passage. The PA activity
of BE 1I remained low at comparable
passages (Table III). These results indi-
cated a sequence of low PA activity
then increased PA activity followed later
TABLE III.-PA (fibrinolytic) activity of
BE1O (ENU-exposed) and BEIl (buffer-
exposed) cultures at early passages
BEIO BEll
Passag F25 Passag F2(- 0A
P'assage F25 (%/) Passage F25 (%)
11 4
4
20
29
14
17
28
10 0-2
12 1
16 4
23 6
by the ability to grow in agar and in
animals.
To ascertain whether the tumour pro-
moter TPA affected the times at which
increased fibrinolytic activity and colony
formation in agar could be detected, it
was added at a concentration of 0-25 ,ug/
ml (4 x 10-7M) at the time of passaging
and renewed only at each subsequent
passage. Cultures were seeded at 105 cells
per flask and passaged at weekly intervals.
Measurements of PA and growth in agar
were carried out in the absence of TPA,
unless stated otherwise.
In the first experiment, the effect of
TPA was tested on two clones. One of
these, BE1O-7, was derived from the
ENU-exposed culture, BE10, and the
other, BE11-1, from the buffer-exposed
culture, BEll (Table I). The PA activity
of BEJ1-I was low (F25= 4 /) and similar
to that found in other control lines (see
Table II). For BE10-7 thelevelwasalready
higher (F25=13-18%) and was regarded
as positive. It was therefore used to test
the effect of TPA on the acquisition ofthe
ability to form colonies in agar. Treatment
ofreplicate cultures with TPA was started
at the 7th passage of BE10-7 and the 8th
of BE11-1 and continued for 12 weeks in
both cases. In neither case did TPA en-
hance the PA activity nor enable the cells
to form colonies in agar during this course
of treatment. After 12 weeks treatment
was discontinued, since the cultures were
within a few transfers ofthe time at which
the untreated BE10-7 culture was ex-
pected to grow in agar. The cultures
which had been treated with TPA were
then passaged like the untreated ones
without TPA and all were tested at inter-J. P. ROSCOE, T. A. HINCE, P. J. CLAISSE AND D. P. WINSLOW
vals for growth in agar. The results showed
that both treated and untreated BE1O-7
cultures grew in agar at the same testing
(26th passage) which agreed closely with
previous results (24th passage, Roscoe &
C(laisse, 1976). Neither of the two BEll-i
cultures grew in agar up to the last time
tested (31st passage). These results
showed that TPA treatment did not
reducethetimetakenforculturestoacquire
the ability to grow in agar. Similar results
were also obtained after 12 weeks of
passaging in TPA with another clone of
BEIO, BEI 0-13. This also had definite PA
activity (F25= 27o%) and was known to
form colonies in agar at the 32nd passage
after cloning (Roscoe & Claisse, 1976).
Since both clones, BE10-7 and BE10-13,
already had PA activity higher than con-
trol cells, the effect of TPA on the acquisi-
tion of PA activity was investigated with
the parental line BEO which was known
to have low activity at early passages
(Table III). In this experiment the
enzyme activity was measured by both
the radioactive and overlay methods. In
agreement with earlier results (Table III)
it was found that the PA activity was at
first low and then started to rise. This
increase could be detected at the 16th to
17th passage in the overlay assay and at
the 19th passage in the radioactive assay.
Growth in the presence of TPA did not
produce an earlier rise in PA activity. It
did, however, appear to enhance the rise
in activity once this had started (Table
IV). The control culture BEI1 had low
PA throughout, whether grown with or
without added TPA. Neither BEIO nor
BE11, grown in the presence or absence of
TPA, formed colonies in agar at these
passages.
The PA activities of the original BEIO
and BE11 cultures were not tested
immediately after they were put into
culture, because the assay was not then
established in the laboratory. Two new
cultures were therefore derived from foetal
brains 2 days after exposure to ENU
(BE26) and buffer (BE27). The primary
cultures were trypsinized at confluence,
TABLE IV. Effect of TPA on the acquisi-
tion ofPA (fibrinolytic) activity in BE10
cells
WVeeks
Pass- in r-
age TPA*
12 1
13 2
14 3
15 4
16 5
17 6
18 7
19 8
20 9
21 10
Agar overlay % Radioactive
assay fibrin degraded
F25 (%) by 104 cells
-t
3
3
4
11
14
+t - +
2
3
3
12
14
14 31
17 32
0-33 049
0-25 04
0-38 0-65
0-61 0 97
0-64 2-94
* TPA was first added at the 1Ith passage and
renewed at each passage (weekly intervals).
t Presence or absence of TPA in growth medium.
passaged and at the same time a portion
of the cells tested for PA activity. The
PA activity of both cultures (second
passage) was very high and there was no
difference between them (Table V). In
both, the level dropped dramatically at
the next passage and remained low for
many further passages (Table V). The
TABLE V. PA (fibrinolytic) activity during
passaging
%0 Fibrinolysis by 104 cells*
BE26 BE27
(ENU- (Buffer-
Passage expose(l) exposed)
2 52-6 55-6
3 0-16 0-74
4 0-7 0.55
5 0-04
1 1 0-25 0-27
29 0-29 0-25
* Measured as 3H-fibrin degraded during 20h
incubation.
effect of having TPA present continuously
for more passages than was possible in
previous experiments was also tested in
these cultures. It was first added at 0-25
pLg/ml when the primary cultures were
passaged and again at each passaging
thereafter. No consistently significant
differences in PA activity were found
compared with the untreated cultures.
The preceding experiments were
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TABLE VI.-The PA (fibrinolytic) activities
of cells assayed with and without TPA
Cell
(Passage)
CEF (4)
BE1O (14)
Cell
no.
104
5 X 104
104
5 x 104
% 3H-fibrin
degradecl
-TPA +TPA
0 35 1-64
0-57 15-5
0:33 0.59
1-17 3-22
Ratio
+TPA/
-TPA
4-7
27-1
1*8
2-7
directed towards testing whether TPA
would accelerate the rate at which two
transformed characteristics were acquired
permanently, and it was therefore not in-
cluded in the assay mixtures. Other experi-
ments were performed to test whether the
presence of TPA in the assay mixture
affected cell properties. Its effect on PA
activity was measured using BE 10 and
CEF cells. It was known that PA activity
was reversibly enhanced by TPA in the
latter cells (Wigler & Weinstein, 1976;
Weinstein et al., 1977). The results (Table
VI) showed some enhancement of PA
activity in the BElO cells, which was,
however, much less than in CEF cells. The
lack of proportionality between fibrino-
lytic activity and cell number found with
CEF cells has been observed in several
other instances (Wallen & Wiman, 1975;
Hince & Roscoe, 1980). It has been sug-
gested that in this two-step assay once
plasmin is generated it accelerates activa-
tion ofthe remaining plasminogen (Wallen
& Wiman, 1975).
The effect of TPA on DNA synthesis
was also tested on BEO0 cells (at the 15th
passage). The cells were seeded at 104 per
50mm dish and allowed to settle for 24 h.
The medium was then changed, half the
dishes receiving TPA at 0-25 Htg/ml. The
incorporation of [3H]-dT was measured
24, 48 and 72 h later, as described in
TABLE VII.-The effect of TPA on DNA
s?ynthesis of BEIO cells
Time after
seeding
(h)
48
72
96
53
et/min/104
- TPA
712
1128
1142
Cells/h
+TPA
878
1299
1287
Ratio
+ TPA/
-TPA
1*2
1-15
1 *1-2
Materials and Methods. The results showed
that TPA did not markedly affect DNA
synthesis (Table VII). This was consistent
with the finding from weekly cell counts
that BE10 cells continuously passaged in
the presence of TPA attained about the
same cell density as untreated cells.
DISCUSSION
The results showed that, in cells pre-
viously exposed to ENU, increased PA
activity as measured by plasminogen-
dependent fibrinolysis can be detected
before colony formation in agar. In gen-
eral a larger number of cells (1-5 x 104)
were tested for growth in agar than for PA
activity (150-200 in the overlay assay, 104
in the radioactive assay); the results are
therefore unlikely to be due to the pres-
ence of a few fully transformed cells with
both high fibrinolytic activity and the
ability to grow in agar, but with the latter
property undetected. Using the F25 (0 °)
values and actual plating efficiencies for
BEIO at the 14th and 17th passages it is
possible to estimate the number of
colonies that would be found in agar if all
the fibrinolytically active cells formed
colonies. These would have been readily
detected (> 1000 colonies per plate)
whereas none were found. However,
colonies were formed from the 45th pass-
age onwards, which indicated that some
further change or changes occurred during
passaging. The cultures became tumori-
genic at about the same time (Roscoe &
Claisse, 1978). The results described there-
fore suggest that transformation of these
cells is a progressive process. Analysis of
the sequential acquisition ofmorphological
changes, fibrinolytic activity and growth
in agar of Syrian hamster cells treated
with benzo(a)pyrene by Barrett and co-
workers has led them to the conclusion
that progressive transformation is the
most likely interpretation of their results
(Barrett et al., 1977; Barrett & T'so, 1978).
Increased PA activity has been found
to be associated with transformation by
tumour viruses and chemical carcinogensJ. P. ROSCOE, T. A. HINCE, P. J. CLAISSE AND D. P. WINSLOW
in many instances (Unkeless et al., 1973;
Ossowski et al., 1973; Jones et al., 1976).
High levels of activity have also been
associated with non-malignant tissues
which are normally invasive (e.g. tropho-
blast (Strickland et al., 1976)). Very high
levels were found in secondary cultures of
foetal rat brains derived from either con-
trol or ENU-treated animals, but rapidly
lost from both on passaging (Table V).
The PA activity of secondary cultures
from normal adult rat brain (0.69%) was
not high (T. A. Hince, unpublished). The
rise in PA activity found in ENU-exposed
but not buffer-exposed cultures on pass-
aging may therefore represent abnormal
re-expression of this enzyme.
The phorbol ester TPA has been shown
to promote transformation in fibroblasts
after carcinogen treatment in vitro (Lasne
et al., 1974; Mondal et al., 1976; Poiley,
1979) and also to affect a number of cell
properties in culture independently of
carcinogen treatment (Weinstein et al.,
1977). One of the changes demonstrated
was increased PA activity (Wigler &
Weinstein, 1976). The effect of this com-
pound on the acquisition of PA activity
and the ability to form colonies in agar
was therefore tested. The results showed
that TPA did not accelerate the acquisi-
tion of either property. However, TPA
enhanced the levels of PA activity once
this had started to rise (Table VI), showing
that it can cause some modulation of cell
properties in this system. It also increased
the PA activity of cells not grown in its
presence if it was included in the assay
mixture (Table VI). In the latter case, it
caused a dramatic rise in the PA activity
ofCEF, but affected BEJO cells much less.
This finding, as well as the actual extents
of increase, was consistent with a previ-
ous report in which cells of different
species were examined (Wigler & Wein-
stein, 1976). These results suggest that rat
cells are less responsive than those of some
other species.
The lack of acceleration of transforma-
tion is unlikely to be due to a general toxic
effect of TPA. It did not inhibit DNA
synthesis of BE10 cells during the growth
phase (Table VII) nor affect the saturation
density after 7 days' growth of either this
culture or its clones BE10-7 and BE10-13
(unpublished results). The lack ofeffect on
rate of transformation could be due to
incorrect treatment regime. Both time of
starting and duration of treatment have
been found to affect transformation, in-
hibition being found in some cases (Poiley
et al., 1979; Mondal et al., 1976; Lasne et
al., 1974). However, it could be that TPA
cannot affect the rate of acquisition of
transformed properties in this system
in which ENU is the carcinogen, as the
results so far suggest (see also below). This
does not rule out the possibility of other
factorsaffectingtherate oftransformation.
Although increased PA activity pre-
ceded the ability of cells to grow in agar,
it is not possible to say at present whether
there is a causal relationship between
them. Also the precise times at which
these properties are found cannot be pre-
dicted. The culture BE10 showedincreased
PA activity atthe 17th passage (Tables III
and IV) whereas B26 did not up to the
29th passage (Table V). This could be
because, 2 days after exposure to ENU,
the potential tumour cells are still a very
small proportion of the cell population
(Roscoe, 1980) and that these were lost by
chance from BE26. It could also be due to
variation in the time at which cells become
transformed. Earlier results have shown
that a culture (38F) derived 112 days after
exposure to ENU had low PA activity at
the 41st passage but later showed high
activity and grew in agar and animals
(Hince & Roscoe, 1978a). For tumour
induction in vivo there is usually a spread
of tumour incidence around the average
latent period.
Other changes have been found in
ENU-exposed cells before they were able
to form colonies in agar. They have been
shown to survive suspension in agar for
much longer than control cells (Roscoe &
Winslow, 1980). The plating efficiency in
liquid medium was unaffected or inhibited
by cholera toxin at very early passages,
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whilst that ofcontrol cells was stimulated;
all late passage cells were inhibited. This
indicated that ENU-exposed cells had al-
ready acquired properties characteristic of
cells established in culture, while control
cellsonlyacquiredtheseduringthe courseof
passaging (Claisse & Roscoe, unpublished).
Preliminary experiments with early pass-
ages of ENU- and buffer-exposed cells
suggested a difference in response to
epidermal growth factor (EGF) (Claisse &
Roscoe, unpublished). The inhibition or
lack of effect by EGF on ENU-exposed
cells may be related to the relative lack of
effect of TPA on transformation in this
system. It has been found that TPA and
EGF share many effects and that TPA
inhibited binding of EGF to cells. This has
led to suggestions that TPA might act at
least partly through affecting growth-
factor-mediated events (Lee & Weinstein,
1978; Shoyab et al., 1979). The difference
in response to cholera toxin and EGF of
ENU- and buffer-exposed cultures suggest
that a very early consequence of exposure
of foetal brain cells to ENU could be a
change or changes in the cell membrane.
The results obtained to date in this
system indicate that exposure to ENU
confers on some of the cells the potential
to become malignant and form colonies in
agar. Before this potential is expressed,
however, ENU-exposed cells exhibit
several differences from buffer-exposed
cells, such as increased PA activity. These
altered properties may thus indicate the
increased likelihood that these cells will
later become malignant.
This work was supported by a grant from the
Cancer Research Campaign to J.P.R.
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